Introduction
The prevalence of autism spectrum disorder (ASD) continues to rise steadily. According to the Centers for Disease Control and Prevention, about one in 45 children in the United States carries a diagnosis of ASD (Zablotsky et al. 2015) . Although predominantly conceptualized as a childhood disorder, the persistence of deficits and lack of efficacious treatments for ASD lead to striking difficulties that continue well into adulthood (Seltzer et al. 2004; Warren et al. 2011) . This paper will provide an overview of ASD in young adulthood, focusing specifically on social skills deficits, empathy, loneliness, and social anxiety. The current literature on interventions for young adults (YAs) will then be described. These issues will be covered in light of the current study, which examined the behavioral effects of PEERS ® for Young Adults (Gantman et al. 2012 ), a relationship-development intervention for YAs with ASD.
ASD in Young Adulthood
Many of the social skills deficits common to children and adolescents with ASD are, unsurprisingly, also rife among YAs on the spectrum. Individuals with ASD often struggle with social cognition, such as theory of mind, and may have difficulty initiating or maintaining social interaction and reading social cues (Buitelaar et al. 1999) . Social skills deficits may present as limited verbal and nonverbal communication, lack of eye contact, limited reciprocal speech, and lack of insight (White et al. 2007) . Limited social contact with other YAs may play a role. Compared with adolescents, most of whom are in high school, YAs may be in a variety of settings including: college, vocational training, or the workforce; they may be living autonomously with or without parental support, in an independent living facility, or at measures. The presence of anxiety among individuals with ASD is an important consideration when evaluating this population, as anxious symptoms may exacerbate social difficulties in ASD, such as friendship development.
Interventions for Young Adults with ASD
Because of the long-term impact of social skills deficits among individuals with ASD, it is clear that development of such skills is imperative for YAs on the spectrum. However, very few social skills programs targeting the skills deficits common in ASD extend into young adulthood. In a recent meta-analysis, the Cochrane Collaboration did not uncover any evidence-based social skills for individuals over 17 years (Reichow et al. 2013) . In their review, Palmen, Didden, and Lang (2012) identified eight interventions targeting social interaction skills, only two of which were deemed conclusive. These two studies utilized a small-group format, demonstrations of appropriate skills, and behavioral rehearsals wherein participants practiced the skills and received feedback (Dotson et al. 2010; Palmen et al. 2008) . Dotson et al. (2010) found that four of their five participants achieved mastery of the three conversation skills taught. Palmen et al. (2008) found that participants demonstrated significant improvements in question asking and response efficiency within their sample. Although of value to the field, these interventions were flawed in a number of ways. Both studies focused exclusively on speaking skills even though social interaction involves a great deal more than conversational acuity. Both studies had very small sample sizes (N = 5 and N = 9, respectively). The review by Palmen et al. (2012) highlighted that, while some social skills interventions for YAs with ASD have been developed and examined, the vast majority are not methodologically sound, and those with methodological rigor are very limited in scope.
The PEERS ® Intervention
One recently developed intervention for individuals with ASD attempts to address these issues. The Program for the Education and Enrichment of R elational Skills (PEERS ® ) is a 14-week social skills intervention for adolescents with ASD that targets making and keeping friends. PEERS ® was originally developed for individuals with ASD aged 11-16 and has been shown to be efficacious for improving social skills and friendships among individuals in this age group (Frankel et al. 2010; Laugeson et al. 2009 ). The intervention focuses on small-group instruction of didactic material, role-plays, behavioral rehearsal, coaching, and weekly homework assignments for social skills practice. Parents receive complementary information delivered simultaneous to, but separate from, the adolescents (Laugeson et al. 2009 ). This format allows for parent facilitation of learning home with their parents (Gantman et al. 2012) . Research has indicated, however, that the largest proportion of YAs with ASD live at home with their parents, are unemployed or underemployed, and are not in higher education (Howlin 2000) . Many YAs with ASD continue to depend heavily on parents or primary caregivers (Barnhill 2007; Farley et al. 2009; H owlin et al. 2004) . Unfortunately, this also means that these YAs with ASD often experience fewer interactions with peers than typically developing (TD) YAs (Gantman et al. 2012) , which further hinders social skills development. Social skills challenges have a negative impact on the development of friendships and romantic relationships, which in turn, further negatively impacts the autonomy of individuals with ASD (Barry et al. 2009 ).
Empathy and Loneliness in ASD
Individuals with ASD face difficulties with broader relational constructs including empathy and loneliness. Empathy, or the ability to understand the emotional state of others, has long been recognized as a challenge for individuals with ASD (Dziobek et al. 2008; Golan and Baron-Cohen 2006; Kennett 2002) . These difficulties are often linked to an impaired ability to read, comprehend, and produce outward expressions of emotion that may offer insight about another's experience (Golan and Baron-Cohen 2006) . These challenges may limit the likelihood of individuals with ASD developing successful, high quality social relationships, as has been shown among individuals with behavioral disorders in general (Schonert-Reichl 1993) .
Although less studied among YAs with ASD than youth, feelings of loneliness play an important role in the development of YAs with ASD (Bauminger et al. 2003; Locke et al. 2010; White and Roberson-Nay 2009) . Among high functioning children with ASD, Bauminger et al. (2003) found they experienced higher levels of loneliness than their TD peers, and were less able to associate that loneliness with the absence of social interactions. Similarly, Locke et al. (2010) found that adolescents with ASD experienced higher levels of both social and emotional loneliness, poorer social relationships, and lower social status than their TD peers. Certainly, as children with ASD progress into adolescence, social deficits may become more pronounced as the social environment becomes more complex. Friendships that YAs with ASD forge may also be less positive than those among TD adults. Baron-Cohen and Wheelwright (2003) found that individuals with ASD had friendships that were less close, empathetic, supportive, and important than those of TD individuals. Loneliness among individuals with ASD may be moderated by symptoms of anxiety. White and Roberson-Nay (2009) found that children and adolescents with ASD who demonstrated higher levels of loneliness also showed higher levels of anxiety, via self-and parent-report in community and clinic-referred samples (van Steensel et al. 2011; ). Social anxiety, and/or social phobia, in particular, may compound social skills deficits. According to the DSM-IV-TR, social phobia is differentiated from social anxiety disorder by marked distress when performing in front of others (American Psychiatric Association 2000), though these diagnoses were merged for the DSM-5 (American Psychiatric Association 2013). For the purposes of the present study, "social anxiety" is considered the umbrella term that encompasses both social anxiety and social phobia, while "social phobia" is reserved for diagnoses of that disorder made under the DSM-IV-TR. Between 17 and 22 % of children and adolescents with ASD have been found to exhibit co-occurring social anxiety (van Steensel et al. 2011) . For adults, Lever and Geurts (2016) , found that 21.7 % of their sample of young adults with ASD met DSM-IV-TR criteria for social phobia, while Maddox and White (2015) found that 50 % of their adult participants met criteria for social anxiety disorder (with 21 % showing mild, 29 % moderate, and 21 % severe levels of social anxiety). Bellini (2006) demonstrated empirical support for a developmental pathways model of social anxiety and ASD that links temperament, physiological arousal, social functioning, and anxiety. This model proposes that individuals with ASD exhibit a temperament of high physiological arousal. Later in life, this temperament style leads these individuals to be more likely to withdraw from social situations. As a result, social skills go unpracticed and are underdeveloped. As time goes on, social interactions become more challenging and are often more negative due to social skills deficits, which in turn leads to increased symptoms of social anxiety. Social anxiety only perpetuates the cycle by increasing already high levels of social withdrawal. Assuming this pattern of increased social anxiety and decreased social interaction continues, it makes sense that the prevalence of social anxiety among YAs with ASD would be similar to, if not greater than, that of adolescents with ASD.
The developers of the PEERS ® for Young Adults intervention did not examine changes in social anxiety or social phobia within their sample. However, research has demonstrated that the PEERS ® intervention for adolescents with ASD has a positive impact on social anxiety symptoms (Schohl et al. 2014) . Based on the theory proposed by Bellini (2006) , it is expected that young adults who participate in PEERS ® for Young Adults will gain social skills that will enable them to feel more confident in social situations, leading to more positive interactions with peers and less fear and avoidance of these social interactions. Further, it is expected that the in-session role-plays and behavioral rehearsals with sameaged peers will function somewhat like an exposure-based anxiety treatment. However, it is not suspected that PEERS ® for Young Adults will show the same marked improvement in social anxiety symptoms as well-established cognitive and socialization practice, and also group discussion of successes and challenges the parents experience during the implementation of the new skills. The content of the intervention includes concretized rules for proper social etiquette in important social situations for adolescents (Laugeson et al. 2009 ). Specific skills include: conversation, peer entry and exit, developing friendship networks, teasing, bullying, arguments, good sportsmanship, host behavior, and changing a bad reputation (Laugeson et al. 2009 ). PEERS ® for adolescents has been replicated outside of its University of California, Los Angeles (UCLA) site of development by two groups (Schohl et al. 2014; Yoo et al. 2014) , and its efficacy has been demonstrated at both sites as well.
Importantly, PEERS ® has been adapted and manualized for YAs aged 18-23 (PEERS ® for Young Adults; Gantman et al. 2012) . Young adulthood is a unique period of development, in particular because as individuals enter young adulthood, they begin to cultivate more autonomy, in the formation and maintenance of social relationships outside of the home. PEERS ® for Young Adults seeks to promote this development of autonomy within YAs with ASD through the cultivation of social skills. There are two main differences in the YA version compared with the original, adolescent version of PEERS ® . First, the YA version includes a reconfiguration of the original 14 modules to highlight the varying experiences of YAs. Second, three additional modules pertaining specifically to dating etiquette were added, as these skills are more commonly relied upon in young adulthood than in adolescence for individuals with ASD.
Upon examination of the efficacy of the intervention, the developers have shown PEERS ® for Young Adults to be efficacious (Gantman et al. 2012) . PEERS ® for Young Adults was found to improve parent-reported social skills behavior and self-reported social skills knowledge, while also increasing the number of direct social interactions of YAs with ASD. It was also shown to have a positive impact on empathy and loneliness among this population. Although these findings were recently replicated within the site of development at UCLA (Laugeson et al. 2015) , they have not yet been independently replicated outside of that site. Additionally, the data from both the original study and the replication were comprised of small sample sizes (N = 17, N = 22, respectively). Furthermore, both Gantman et al. (2012) and Laugeson et al. (2015) utilized the Autism Quotient (Baron-Cohen et al. 2001 ) and a community diagnosis of ASD to confirm the diagnostic status of their participants, rather than employing a gold standard assessment measure.
Social Anxiety in ASD
Anxiety may affect symptom presentation and outcome in ASD. Anxiety has been found to occur in about 40 % of individuals with ASD, with ranges between 11 % and 84 % approval was obtained prior to advertisements and data collection (Schohl et al. 2014) . Informed consent was obtained from all individual participants included in the study. A priori power analyses for the omnibus MANOVA were conducted using G*Power 3.1.9.2 (Faul et al. 2009) , with a large effect size based on the results of the Gantman et al. (2012) study (f = 0.54 for MANOVA). Results indicated that 29 participants would be needed for power to detect differences among groups at the β = 0.80 level. A total of 56 individuals with ASD were enrolled to account for possible attrition, and thus sample size was more than sufficient for adequate power.
Interested families received a telephone-screening interview, administered by a graduate student in a clinical psychology doctoral program, to review inclusion criteria. Because of the scarcity of services available to adults with ASD in the region, participants between the ages of 18 and 28 were invited to participate in the current study. Further, one WL participant was 17 at the time of pre-test, but turned 18 by the time of intervention, and was included. Thus, inclusion criteria specified the following: (1) adult participant with ASD being between the ages of 18 and 28; (2) parent report of social difficulties in the adult participant; (3) English fluency for the adult participant with ASD; (4) English fluency and willingness to participate for the parent/caregiver; (5) negative for a history of a major mental illness (such as bipolar disorder, schizophrenia, or psychosis) in the adult participant with ASD; (6) negative for impairments that preclude intervention participation (such as hearing, visual, or physical impairments) in the adult participant with ASD; and (7) adult participant having a previous and current diagnosis of ASD (including High Functioning Autism, Autism Syndrome, or Pervasive Developmental Disorder-NOS). Further, potential adult participants with ASD were screened for the following: (1) meeting ASD criteria on the Autism Diagnostic Observation Schedule-Generic (Lord et al. 2000) ; (2) having a verbal IQ of 70 or above on the Kaufman Brief Intelligence Test-Second Edition (KBIT-2; Kaufman and Kaufman 2004) ; and (3) having a desire to learn about how to make friends, via the Mental Status Checklist (Gantman et al. 2012) .
Once adult participants with ASD were screened for inclusion criteria, they were randomly assigned to the experimental (EXP) or waitlist (WL) group. The only exception to randomization was that a group with one female participant needed to have at least one other female participant, as suggested by the PEERS ® developers (L. Laugeson personal communication 2010). Due to a much lower rate of females recruited than males, directly related to the proportion of males versus females who are diagnosed with ASD (with a ratio of about 4.5:1; CDC 2016), the researchers would wait until two females could be enrolled and the two behavioral therapy (CBT) interventions that are targeted specifically to address these difficulties.
Summary and Aims of the Current Study
The current study was a replication and extension of the PEERS ® for Young Adults intervention. The program was conducted in the manner described by the researchers at UCLA, employing a randomized controlled trail, and utilizing the PEERS ® for Young Adults manual (Laugeson in press). Sessions were conducted at the same timing and rate as at the site of development, that is, one 90-min session per week for 16 weeks. The current study extends the first PEERS ® for Young Adults study in three important ways. First, a larger sample size was recruited. Specifically, a total of 57 YAs with ASD were recruited, who were randomly assigned to experimental or waitlist groups, in the manner conducted by Gantman et al. (2012) . Participants ranged in age from 17 to 28. Second, more stringent diagnostic criteria (i.e., the Autism Diagnostic Observation Schedule, Lord et al. 2000) was used for screening the YAs who were recruited to participate. Third, the current study examined the effects of the social skills intervention on levels of social anxiety, which were not explored in the Gantman et al. (2012) or Laugeson et al. (2015) study.
The first and primary aim of the present study was to replicate the Gantman et al. (2012) findings, as pertains to PEERS ® ' effects on social skills knowledge, ASD symptoms, empathy, loneliness, and social contacts. Based on the original findings, it was predicted that the YAs with ASD in PEERS ® would demonstrate improvements in these areas over time. The second aim of the present study was to extend the findings of Gantman et al. (2012) by examining the effect of PEERS ® participation on social anxiety. Based on the theory previously discussed, wherein social skills deficits lead to increased social anxiety (Bellini 2006) , it was hypothesized that the YAs with ASD in the experimental group would report, on average, lower levels of social anxiety after receiving the intervention.
Method Participants
Fifty-six participants were recruited and enrolled in the current study. Participants were YAs with high functioning ASD (defined below). They were recruited from local intervention agencies and community ASD support groups in a moderately sized Midwestern city, as well as an in-house waiting list at an Autism Clinic at a private university. As in the past, existing relationships with these organizations were utilized and Institutional Review Board (IRB) intervention during the following session, typically during the next academic semester. This design allowed for both groups to be examined over a 16-week period. Table 1 shows the intervention timeline. Each EXP and WL group totaled 24 participants (with no more than 10 participants in each cohort/PEERS ® provision at a time).
Attrition
Attrition was expected to be about 20 %, which falls within the usual range of randomized controlled trials (H ewitt et al. 2010) . Participants who missed three or more sessions or did not have adequate completion of three homework assignments were excused from the intervention and did not complete post-test measures (n = 7). Figure 1 shows a were immediately randomized to the next upcoming group as a duo. Both groups participated in pre-test data collection within 1 week of each other, and the EXP group received the PEERS ® for Young Adults intervention immediately thereafter. Waitlist participants did not enter the PEERS ® treatment immediately. Post-test data for the EXP group was collected just prior to the final (16th) session of the PEERS ® intervention. Post-test data was collected approximately 15 weeks after pre-test for the WL group. The WL group received the assignments were reviewed and troubleshooting for challenging issues was discussed. Then, the didactic lesson occurring in the YA session was delivered both in a handout and described verbally by the parent leader. Possible difficulties were discussed and parents/caregivers were provided with information on how to help their YAs complete the assigned homework for the upcoming week. The YA and parent groups were then reunified. Homework for the upcoming week was assigned and leaders provided one-on-one troubleshooting and feedback regarding missed assignments for the past week and previous plans to complete the current assignment. H omework assignments typically corresponded to the didactic provided in that session and usually involved several components (e.g., make a phone call to another YA group member and join a social group). Group leaders strongly enforced homework compliance and YAs who missed three homework assignments were dismissed from the intervention. Missing more than two sessions also merited dismissal from the treatment.
Measures

Diagnostic and Screening Measures
During the baseline pre-test visit, parents/caregivers completed a demographic form and a questionnaire about their YA's health, medication history, and current medication status. Young adults completed the Mental Status Checklist (Gantman et al. 2012) , which assesses for YA motivation to make and keep friends. Diagnoses were confirmed using the Autism Diagnostic Observation Schedule-Generic (ADOS-G: Lord et al. 2000) , specifically Module 4, which is indicated for use with verbally fluent adolescents and adults. The ADOS represents the gold standard for ASD evaluation and has been shown to have high inter-rater reliability, high inter-item correlations, and high validity (Lord et al. 2002) . It is a widely used tool for the diagnostic assessment of ASD in both clinical and research settings. The ADOS-G generates three scores: a Social Interaction Score, a Communication Score, and a Repetitive Behavior Score. The Social Interaction Score and Communication Score are then combined to create the Total Score. For the purposes of this study, the ADOS-G was administered by Clinical Psychology graduate students trained to researchlevel reliability within the research laboratory. Cut-off scores for inclusion via the ADOS-G consisted of a Total Score of 6 or higher, as these scores are suggestive of ASD, per the manual. Young adults' cognitive functioning was assessed with the Kaufman Brief Intelligence Test-Second Edition (KBIT-2; Kaufman and Kaufman 2004) . Cutoff scores for inclusion via the KBIT-2 was a Verbal IQ of 70 or higher.
CONSORT diagram of participant involvement and completion status.
Treatment
PEERS
® for Young Adults was delivered in weekly 90-minute simultaneously occurring YA and parent/caregiver group sessions for 16 weeks. The intervention was provided during academic semesters, that is, either fall (September through December) or spring (January through May). The manual, provided by the developers at UCLA, was adhered to for the treatment. The principal investigator received direct instruction via an official PEERS ® training in Los Angeles, CA and received certification in PEERS ® prior to the start of the study. She then trained graduate students in a clinical psychology doctoral program to lead the YA and parent/caregiver groups. The six graduate students who served as group leaders had a minimum of 2 years of clinical, diagnostic, and research practice in ASD. Three of those leaders ran YA groups and had obtained at least a Master's degree in Clinical Psychology and had completed coursework in therapy. The leaders received training and supervision directly from the certified leader. The certified leader ran the first YA group, for training purposes. Subsequently, group leaders were trained in the following manner. First, they began by co-leading a parent group with a trained leader or the certified leader. Second, the trainees co-led a YA group with a trained leader or the certified leader. Third, they were allowed to lead a YA group independently. The certified leader conducted weekly supervision with the leaders to ensure quality and accuracy of the intervention and to provide feedback.
Undergraduate research assistants in the lab were trained and overseen directly by the certified leader as behavioral coaches and assistants for the intervention. Coaches' primary responsibilities included enacting behavioral role-plays of appropriate and inappropriate social behavior and assisting with behavioral rehearsals and behavior management. Coaches were also responsible for intervention adherence. That is, coaches followed along with leaders in the protocol, utilizing the manual, and, when necessary, provided fidelity checks [i.e., pointed out a missed item to the leader(s)] to ensure proper adherence to the manualized intervention. PEERS ® for Young Adults sessions began with a homework review from the previous week, and were followed with a didactic lesson. Role-play exercises with the group leader and coaches were utilized to demonstrate appropriate and inappropriate behaviors based on the social skills targeted in a given week. Young adults then practiced the newly learned skills by engaging in behavioral rehearsals with one another, the group leader, and/or coaches.
Concurrent parent/caregiver sessions consisted of a similar, complementary procedure. Weekly homework Processing, Social Communication, Social Avoidance, and Autistic Mannerisms. The Total raw score was used for analyses. This measure shows a high test-retest reliability (0.88) and good validity (Constantino et al. 2003) . Internal consistency for the present study was good (0.84).
Experimental Measures: Self-Report
Self-report questionnaires utilized to examine Aim 1 (Replication) included the following: Test of Young Adult Social Skills Knowledge (TYASSK; Gantman et al. 2012 ), Quality of Socialization Questionnaire for Young Adults (QSQ-YA; Gantman et al. 2012) , Empathy Quotient (EQ; Lawrence et al. 2004) , and Social and Emotional Loneliness Scale for Adults (SELSA; DiTommaso and Spinner 1993). PEERS ® knowledge was measured using the TYASSK (Gantman et al. 2012) , which was administered to the YAs with ASD at pre-and post-test. This measure was developed to assess knowledge of specific social skills taught during the PEERS ® for Young Adults intervention. It was based on the Test of Adolescent Social Skills Knowledge (TASSK; Laugeson et al. 2009 ) and adapted for YAs of an unspecified age range. This is a 23-item measure that assesses knowledge of PEERS ® concepts via questions such as, "The most important part of having a conversation is to: (a) trade information or (b) make sure the other person is laughing and smiling" (Gantman et al. 2012 ). The psychometric properties of the YA version of this measure have not yet been examined. The adolescent version, the TASSK, was found to have low internal consistency (0.56), however the authors attribute this to the large variance in the questions asked and indicate that the items are not expected to "hang together" (Laugeson et al. 2009; Schohl et al. 2014) . Similarly, in the present study, the internal consistency for this measure was very low (0.22).
Self-report of socialization was measured with the QSQ-YA (Gantman et al. 2012) , which was administered to the YAs with ASD at pre-and post-test. This measure was developed to assess frequency of both hosted and invited get-togethers over the prior month, as well as level of Interpersonal Conflict present during those get-togethers. This is a 12-item self-report measure that Gantman et al. (2012) adapted from the Quality of Play Questionnaire (QPQ) for children with ASD (Frankel et al. 2010 ) for use with adults of an unspecified age range. Young adults were asked two questions: "H ow many get-togethers did you organize in the last month?" and "H ow many get-togethers were you invited to last month?" (Gantman et al. 2012) . The psychometric properties of the QSQ-YA have not been formally evaluated, and this study did not evaluate them, because the measure consists solely of summing the frequency of the two items. Consistent with prior research (Schohl et al. 2014) , number of hosted and invited get-togethers was
Experimental Measures: Parent-Report
Experimental measures were self-administered or read to the individual by a research assistant, based on verbal ability, reading ability, and preference of the individual. All parent-report measures were utilized to examine Aim 1, namely, the replication of the Gantman et al. (2012) study.
Change in social skills was measured using the Social Skills Improvement System-Rating Scales (SSIS-RS; Gresham and Elliott 2008) , formerly the Social Skills Rating Scale (SSRS; Gresham and Elliott 1990) . This measure was administered to parents of YAs at pre-and post-test. Although the SSRS was used by the developers of the PEERS ® for Young Adults intervention (Gantman et al. 2012) , the SSIS-RS was utilized in this study, as it has been shown to be as accurate and is intended for use in intervention research (Gresham et al. 2011 ). This measure was developed to examine social skills, specifically: communication, cooperation, assertion, responsibility, empathy, engagement, and self-control. This parent-report measure is typically used with children between the ages of 13 and 18, however, because the UCLA PEERS ® researchers utilized this form beyond this age range (Gantman et al. 2012 ), the present study did as well, for direct replication purposes. It is a 75-item rating scale where higher scores indicate greater frequency of a behavior. Although standard scores are typically employed (M = 100; SD = 15), raw scores were utilized to account for the wider age range of the sample; this allowed for the measure to be used outside of the specified age range (without age-based norms). The measure provides a Social Skills total score, a Competing Problem Behavior total score, as well as twelve subscale scores: Communication, Cooperation, Assertion, Responsibility, Empathy, Engagement, Self-Control, Externalizing, Bullying, Hyperactivity/Inattention, Internalizing, and Autism Spectrum. The two total scores were examined. An example of a Social Skills scale item is, "Takes turns in conversations." An example item from the Competing Problem Behavior scale is, "Repeats the same thing over and over" (Gresham et al. 2010 ). The parent form shows high internal consistency (0.94), high test-retest reliability (0.84), and high validity (0.77) (Gresham et al. 2011 ). In the current study, internal consistency was acceptable (0.77).
Change in ASD symptoms was measured using the Social Responsiveness Scale (SRS; Constantino et al. 2003) . The measure was administered to the parents of YAs at pre-and post-test. This measure was developed to examine social impairment in ASD, and asks questions such as, "[Your child] is aware of what others are thinking or feeling." It is a 65-item rating scale that utilizes T-scores (M = 50; SD = 10), where higher scores indicate a greater severity of ASD symptoms. The measure provides a Total score and five subscale scores: Social Awareness, Social Information
The questionnaire asks to what degree different situations evoke both fear and avoidance from the respondent over the past week, using a Likert scale from 0 (none) to 3 (severe). H igher scores indicate greater severity of impairment. An example item is, "[How anxious or fearful do you feel when/ how often do you avoid] meeting strangers?" (Fresco et al. 2001) . The LSAS-SR showed excellent internal consistency in the present study (0.97), similar to the developers' findings. Our sample demonstrated high levels of social anxiety at pre-test. Specifically, 30 out of 47 participants showed at least moderate social anxiety, with 6 in the moderate range, 11 in the marked range, 8 in the severe range, and 5 in the very severe range.
Self-report of social phobia was measured with the SPIN (Connor et al. 2000) , which was administered to the YAs with ASD at pre-and post-test. This measure was developed to assess presence of social phobia, where higher scores indicate higher levels of social phobia. It is a 17-item selfreport measure that shows high test-retest reliability (0.78), high internal consistency (0.82-0.94), and adequate convergent validity (0.57) (Connor et al. 2000) . The questionnaire asks individuals about their symptoms over the past week, and thus, is used to capture current levels social phobia. An example question is, "I avoid activities in which I am the center of attention" (Connor et al. 2000) . The SPIN has been utilized in clinical research with both adolescent (Ranta et al. 2007 ) and adult populations (Antony et al. 2006 ). Internal consistency for this measure was found to be consistent with the developers' report, and fell in the excellent range (0.94). The present sample also showed high levels of social phobia at pre-test with 11 in the mild range, 8 in the moderate range, 6 in the severe range, and 7 in the very severe range.
The means at pre-test for each of the above Replication scales/subscales in this study were generally comparable to the means at pre-test in the Gantman et al. (2012) study.
Results
Data Screening
All statistical analyses were conducted using SPSS 22.0 (IBM Corp. 2013 ). An alpha level of 0.05 was used as the significance criterion for hypothesis tests. Data were screened for normality, impossible values, and outliers. Three outliers (0.02 % percent of the total data) were identified, two in the QSQ-YA pre-test data (both a value of 15) and one in the EQ post-test data (value of 66); these three scores were subsequently Winsorized to the next highest value (11 for the QSQ-YA, 54 for the EQ; Tabachnick and Fidell 2013). The screening protocol was subsequently re-run and data were found to be within normal limits. Skew and kurtosis were summed to create a single variable encompassing frequency of all get-togethers.
Self-report of social empathy was measured with the EQ (Lawrence et al. 2004) , which was administered to the YAs with ASD at pre-and post-test. This is a 28-item self-report measure of empathy where greater scores indicate more empathic responses. The measure has high internal consistency (0.92) and test-retest reliability (0.97). An example item is, "I am quick to spot when someone in a group is feeling awkward or uncomfortable" (Lawrence et al. 2004) . Internal consistency for the present study was found to be marginally acceptable (0.63). It is speculated that young adults with ASD may not be able to report on their experience of empathy to the same degree as their TD peers, and have been shown to score lower on the EQ than age-and gender-matched TD peers (Baron-Cohen and Wheelwright 2004).
Self-report of social and emotional loneliness was measured with the SELSA (DiTommaso and Spinner 1993), which was administered to the YAs with ASD at pre-and post-test. This is a 37-item self-report measure that assesses for romantic, social, and family loneliness, where higher scores indicate greater loneliness; the total score was examined here. Reponses are on a Likert scale from 1 (disagree strongly) to 7 (agree strongly). The measure has high internal consistency (0.89-0.93) and good validity (DiTommaso and Spinner 1993). An example item is, "I really belong in my family." The SELSA was found to have acceptable internal consistency (0.71) for the present study.
Self-report questionnaires utilized to examine Aim 2 (Extension) included the Liebowitz Social Anxiety ScaleSelf-Report (LSAS-SR; Fresco et al. 2001 ) and the Social Phobia Inventory (SPIN; Connor et al. 2000) . Two measures were utilized in order to capture various expressions of social anxiety. Specifically, the LSAS-SR, which was developed to assess for social anxiety disorder, consists mostly of questions regarding anxious symptoms while conducting daily life activities in front of others (i.e., using a public restroom, eating in front of others, etc.), while the SPIN, developed to assess for social phobia, includes items that inquire about physiological symptoms of social anxiety that occur in front of others (i.e., blushing, heart palpitations, trembling, and shaking in front of others). Both measures include items regarding social interaction anxiety and performance-based anxiety. Because these measures were developed while the DSM-IV-TR was in use, the creators used the terminology "social anxiety disorder" and "social phobia," respectively.
Self-report of social anxiety was measured with the LSAS-SR (Fresco et al. 2001) , which was administered to the YAs with ASD at pre-and post-test. This is a 24-item self-report measure that shows high internal consistency (0.96) and high convergent validity with other measures of the same construct (0.49-0.73) (Fresco et al. 2001) . Table 2 presents the mean demographic variables for both groups. Furthermore, participants who chose to withdraw or were excused from the intervention did not differ from the participants in the EXP group who completed the study, based on YA age [t (28) (− 19.241, 16.941) ] at pre-test. Potential differences between cohorts for the experimental group were examined and no differences in a robust outcome measure were uncovered (F(4, 23) = 0.308, p = .869).
within normal limits. Missing data were found to be missing completely at random. One participant was missing the entirety of his post-test data and was excluded from analysis (Tabachnick and Fidell 2013) . Multiple imputation (five iterations) was then conducted for any remaining missing items from the outcome measures (Tabachnick and Fidell 2013) . The imputed data points did not exceed the recommendation of no more than 10 % of the data (Tabachnick and Fidell 2013) ; specifically, they constituted 2 % of the total data (there were 21 imputed data points out of a total 1034 across scales/subscales). One participant was missing data on socioeconomic status, as measured by total household income. This value was estimated with the mean for the remainder of the sample (M = 4; 75-100 K).
Examination of Group and Cohort Differences
T-tests and Chi square tests for independence were employed to assess for EXP versus WL group differences on demographic variables. As predicted, no significant differences were uncovered for YA gender (χ 2 = 1.08, p = .298, Cramer's V = 0.152), socioeconomic status (χ 2 = 9.261, p = .055, Cramer's V = 0.444), primary parent/caregiver
Age ( The following variables had different n values: Waitlist race (n = 22), Waitlist ADOS-G total score (n = 22), experimental ethnicity (n = 22), and experimental household income (n = 23)
KBIT-2 Kaufman Brief Intelligence Test-Second Edition, ADOS-G autism diagnostic observation schedule-generic, p probability, ns not significant 
Hypothesis 1: Social Skills and Social Responsiveness
The first hypothesis was partially supported. It was hypothesized that parents of the YAs in the EXP ASD group would report significantly improved YA social skills and social responsiveness on the SSIS-RS and SRS over the WL group. Improvement in Social Skills (SSIS-RS SS) was not significant at the multivariate level, though the simple effects test was significant at the univariate level, showing that the EXP group demonstrated significant improvement in Table 3 shows the means, standard deviations, and p-values for the omnibus Group by Time interaction for the experimental measures. An intent-to-treat analysis (Wright and Sim 2003) utilizing last observation carried forward imputation was subsequently run and no differences were uncovered at the multivariate or univariate level.
Aim 1: Univariate ANOVAs and Simple Effects for the Replication
Further evaluation of the replication outcome measures at the univariate level, using Group (EXP versus WL) by Time (pre-versus post-intervention) repeated measures analyses (F(1, 45) = 0.533, p = .423, partial η 2 = 0.029).
Aim 2: Univariate ANOVAs and Simple Effects for the Extension
Hypothesis 6: Social Anxiety
The sixth hypothesis was partially supported. It was hypothesized that the YAs in the EXP ASD group would report lower levels of social anxiety on the LSAS-SR and lower levels of social phobia on the SPIN over time than the WL group. Both Aim 2 (Extension) measures, the LSAS-SR and the SPIN, failed to reach significance upon follow-up from the MANOVA at the Group by Time univariate level. However, observed power for these measures was found to be very low (0.114 and 0.084, respectively). A posteriori power analyses were conducted with obtained power; results indicated a small effect size for both measures and over 800 participants would be needed for adequate power. Exploratory analyses were conducted to investigate whether effects might be more robust using paired-samples t tests separately by group, versus the more demanding multivariate model. Results from these univariate analyses revealed that the EXP group demonstrated significant improvement in social anxiety (LSAS-SR) over time (t(23) = 2.535, p = .019) while the WL group did not (t(22) = 1.009, p = .324). Social phobia (SPIN) decreased in the EXP group over time, while the WL group showed no change; however, these differences were not statistically significant in the exploratory analyses. Considering clinical changes in these measures, fewer EXP YAs at post-test fell into clinical ranges for social anxiety (LSAS-SR) with 12 in the clinically significant range at pre-and 9 at post-intervention, the WL group had 14 in the clinically significant range at pre-and 15 at post-test. For social phobia (SPIN), 15 were in the clinically significant range at pre-and 15 at post-intervention, though scores were generally lower; WL had 17 at pre-and 17 at post-test. Young adults in the EXP group showed a decline in severity of social anxiety symptoms. On the LSAS-SR, 2 EXPs fell in the moderate range at pre-, with 3 at post-test; 4 in the marked range at pre-, with 2 at post-test; 3 in the severe range at pre-, with 2 at post-test; and 3 in the very severe range at pre-with 2 at post-test. For the SPIN, 5 EXPs fell in the mild range at pre-, with 7 at post-test; 3 in the moderate range at pre-, with 4 at post-test; 3 in the severe range at pre-, with 1 at post-test; and 4 in the very severe range at pre-with 3 at post-test. 
Hypothesis 3: Empathy
The third hypothesis was supported. It was hypothesized that the YAs in the EXP ASD group would show significant improvement in their self-report of empathy on the EQ over the WL group. A significant Group by Time interaction at the univariate level for the EQ was found, F(1, 45) = 6.740, p = .013, partial η 2 = 0.130. Simple effects tests indicated that the EXP group demonstrated significant improvement in empathy (EQ) (F(1, 45) = 5.887, p = .044, partial η 2 = 0.165) while the WL group did not (F(1, 45) = 1.582, p = .144, partial η 2 = 0.094).
Hypothesis 4: Loneliness
The fourth hypothesis was not supported. It was hypothesized that the YAs in the EXP ASD group would demonstrate significantly lower self-report of social and emotional loneliness over time on the SELSA than the WL group. The SELSA showed no significant change for the EXP group on any of the three subscales.
Hypothesis 5: Direct Social Interaction
The fifth hypothesis was supported. It was hypothesized that the YAs in the EXP ASD group would report a significantly greater number of direct social interactions with peers over social anxiety were not explored here, it is unknown which processes may be at play. However, results that direct social interaction increased may suggest that these YAs developed and implemented the necessary social skills to engage with peers, which may impact social anxiety symptoms, as discussed below.
In contrast to the original study, the current study did not uncover a significant change in self-report of social and emotional loneliness over time among the YAs in the experimental group. This was thought to be due to potential cohort differences amongst this sample compared with that of the Gantman et al. (2012) study. Potential differences were therefore examined and the findings are described here. First, the present sample did not have comparable levels of social and emotional loneliness at pre-test as in the original study (Gantman et al. 2012 ) SELSA total means/SDs at pretest: EXP, 132.6 (33.7); WL, 133.2 (30.2); Present study at pre-test: EXP, 125.92 (34.46); WL, 138.80 (39.33) specifically, the experimental group in this study exhibited lower levels of loneliness than that of the Gantman et al. (2012) group. This may have limited the improvement that participants in that group were able to make. Second, the present sample was found to show a smaller decline in loneliness than the original sample (Gantman et al. 2012 ) SELSA difference scores from pre-to post-test: EXP, −12.67; WL, 4.50; Present study: EXP, −0.21; WL, −4.23. Finally, the present sample may not have been as competent at reporting their experiences of loneliness as the original sample; however, this study was unable to directly examine this hypothesis.
Aim 2 proposed to extend the original Gantman et al. (2012) study by examining changes in social anxiety and social phobia in the YAs with ASD in PEERS ® . In exploratory analyses, results indicated a significant decrease in self-report of social anxiety from pre-to post-intervention among the YAs with ASD in the experimental group. Although the results for social phobia did not reach traditional levels of significance, the current study uncovered a decrease in self-report of these symptoms over time in the experimental group, that is, changes in the expected direction. These results suggest that the PEERS ® for Young Adults intervention may help to improve symptoms of social anxiety and social phobia. Although the present study did not specifically examine the mechanisms of this response to the intervention, several factors may be at play. Specifically, the development of social skills may break the cycle of fear and avoidance of social interaction, as posited by Bellini (2006) , the in-session exposure to and direct interaction with same-aged peers, via behavioral rehearsals, as well as weekly homework assignments wherein YAs practiced newly learned social skills with peers outside of session may also contribute to a decrease in social anxiety symptoms at post-intervention. It should be noted that these
Discussion
The present study examined the impact of a friendshipdevelopment based social skills intervention for YAs with ASD. Although existing research has demonstrated the efficacy of this intervention (Gantman et al. 2012) , and the developers have recently replicated their findings (Laugeson et al. 2015) , this is, to our knowledge, the first independent replication. Results demonstrate further support for the efficacy of the PEERS ® for Young Adults intervention, in that five out of eleven outcome measures showed significant improvement for the YAs in the experimental group.
The majority of the Aim 1, Replication, hypotheses were supported and align with the results from the original study (Gantman et al. 2012) . First, parents of the YAs in the experimental ASD group reported improvement in YA social skills, specifically fewer problem behaviors and better social responsiveness. Second, YAs in the experimental ASD group demonstrated significant improvement in their understanding of PEERS ® concepts. Taken together, these findings suggest not only a strong retention of the skills taught, but also imply that these skills are important and relevant to YAs with ASD. Isolating and targeting social skills knowledge has been found to be an important component of successful treatment of YAs with ASD. Because many individuals with ASD show a marked rigidity and limited understanding of the nuances of social interaction (Anckarsäter et al. 2006; Bowler et al. 2008) , the manner in which social skills are concretized in PEERS ® is likely a strong predictor of success in gaining and utilizing social skills knowledge. Third, YAs in the experimental ASD group showed significant improvement in self-report of empathy. Because mechanisms of empathy were not directly investigated for the purpose of the present study, only speculation is possible. However, findings suggest that, through the development of social skills, YAs may have been able to gain further insight into the experiences of others. Empathy, specifically perspective taking, is a strong predictor of relationship satisfaction (Davis and Oathout 1987) , is considered a prosocial behavior, and as such is an important factor for obtaining and maintaining a job, as well as job satisfaction (McNeely and Meglino 1994) . Further, the development of empathy in adolescence has been found to predict overall social competence in young adulthood (Mathias and Steiger 2014) , so targeting these behaviors as soon as possible in young adulthood may have important implications for later adulthood, as well. Fourth, the YAs in the experimental ASD group reported a significantly greater number of direct social interactions with peers over time. Direct contact with peers is very important for YAs to hone their newly developing social skills (Gantman et al. 2012) . Although not all YAs in our sample exhibited high levels of social anxiety at pre-test, many did. Again, because the mechanisms of that individuals with ASD may lack the necessary insight to report their symptoms of anxiety (Baron-Cohen et al. 1985; Capps et al. 1992; Gillott et al. 2001) , furthering the importance of gaining parent report of symptoms. Obtaining report from both parent and YA would be pertinent, as parent-and self-report of internalizing symptoms may not always demonstrate ideal agreement (Achenbach et al. 1987; Stanger and Lewis 1993) . Utilizing an interview format would also likely improve the sensitivity and specificity of changes in anxiety symptoms over the course of the intervention. Furthermore, anxiety among individuals with ASD may differ from TD individuals (Hadwin et al. 1998; Kerns and Kendall 2012) . Thus, future studies should employ a more rigorous evaluation of anxiety symptoms, perhaps by conducting a parent-report interview, in particular the Anxiety Disorders Interview Schedule, Adult (ADIS; Brown et al. 1994) in conjunction with the ADIS Addendum for ASD that is currently in development (Kerns et al. 2014) . A fourth limitation was the lack of a longer-term follow-up. Future studies should utilize a 6-or 12-month follow up to elicit further evaluation of the long-term efficacy of the PEERS ® for Young Adults intervention. Finally, the present study employed many post hoc analyses (16) to fully examine the results of the omnibus MANOVA. Although corrections to the F values were made, this large number of analyses may have increased our risk of Type I error.
The PEERS ® for Young Adults intervention was not developed to address all social skills necessary for independent functioning. Possible future directions for this, and other interventions, may include a focus on the development of other skills for life circumstances that inherently rely on social interactions. Such skills may include: job obtainment and maintenance skills, as well as general adaptive functioning skills, the latter of which have been demonstrated to be especially important for long-term positive outcomes (Farley et al. 2009 ).
In sum, the findings of the present study provide further support for the efficacy of the PEERS ® for Young Adults intervention at improving social skills behavior, social responsiveness, social skills knowledge, empathy, and social anxiety among YAs with ASD. The PEERS ® intervention overcomes many of the limitations of other YA social skills interventions, in that it utilizes well-established techniques for efficaciously teaching social skills to individuals with ASD (Gantman et al. 2012 ). In conclusion, the findings of this study demonstrate strong support for the PEERS ® for Young Adults social skills intervention as a viable tool for improving challenges common to YAs with ASD.
Acknowledgments The authors would like to acknowledge grant support from the Autism Society of Southeastern Wisconsin (ASSEW) and Marquette University. The authors would like to thank the families for their participation in our research, as well as acknowledge the Marquette Autism Project undergraduate research team for their findings are limited and should be interpreted with caution as further exploration and replication of the current results are merited. Although the number of participants in each category on self-report measures of social anxiety generally decreased from pre-to post-intervention, it is unknown whether individuals with high levels of social anxiety would be best served by the PEERS ® for Young Adults intervention. These preliminary findings, nonetheless, have important implications for social anxiety symptoms among YAs with ASD who receive the intervention. This is the first known independent replication of the UCLA PEERS ® for Young Adults studies (Gantman et al. 2012; Laugeson et al. 2015) , and, thus, provides evidence to the successful translation of the PEERS ® for Young Adults content outside of the site of development, and potential accessibility of this efficacious intervention. Few resources are needed to conduct the intervention, showing exceptional promise for general use.
Limitations and Future Directions
One major limitation of the present study was the lack of diversity within the sample. The sample was comprised of primarily male YAs who were Caucasian. In order to generalize these findings more broadly, future studies should enroll a more diverse participant sample. A second limitation was the lack of third-party observation of changes in behavior for the YAs. Because both reporters, YAs and their parents, are involved in treatment, non-specific treatment effects, such as mere involvement in a group or receiving attention for their difficulties, may have impacted their report. Further, although internal consistency for the measures used was generally high, use of third party observation would improve the validity of findings over self-and parent-report alone. This is particularly important for constructs that may be more challenging for YAs with ASD to report upon (i.e., self-report measures with lower internal consistency for this population), such as empathy. Future studies could employ the use of a third party reporter such as a teacher or other relative of the YA, or a blinded third party observer to facilitate coding of YA behavior from pre-to post-intervention. This could provide further insight into the behavioral changes related both to social skills and anxiety. Another mechanism of more objective report of change could be with electrophysiological instruments such as galvanic skin response, heart rate, or electroencephalogram. These measures may be more reliable than self-or parent-report. A third limitation was the use of self-report questionnaires to examine social anxiety. Although anxiety, as an internalizing disorder, may be difficult for parents/caregivers to accurately assess, especially as children get older (Achenbach et al. 1987) , assessing the various manifestations of anxiety, including social anxiety, via parent report may be useful. Research suggests
